New dimethylphosphinoyl-substituted α-aminoarylmethanephosphonates 1a -f have been synthesized via addition of dimethyl or diethyl phosphites to Schiff bases and via Kabachnik-Fields reaction. The structure of the compounds was confirmed by elemental analysis, IR, 1 H and 31 P{ 1 H} NMR spectroscopy, mass spectrometry and in two cases by X-ray diffraction.
Introduction
Due to their unique biological properties, the aminophosphonic acids as analogues of the natural amino acids have played a central role in the investigation of biologically active molecules during the last twenty years [1] . It has been shown that some phosphorus analogues of phenylalanine such as 1-amino-2-arylphosphonic acids are strong inhibitors of phenylalanine ammonia lyase (PAL) or represent quite active botrycides [2] . In particular the synthesis of dialkylphosphinoyl derivatives has been of interest because these compounds exhibit higher activity in some cases in comparison with the corresponding phosphonic and phosphinic esters [3] .
The present work is a continuation of our previous investigations of aminomethyl-dimethylphosphine oxide as a precursor for the preparation of new organophosphorus compounds. Some of these compounds exhibit biological activity, e.g. the nitrosourea derivatives [4] and the platinum complexes exert antitumor activity but are of low toxicity and triazolo-and pyrazolopyrimidine derivatives have plant growth regulating activity [5] . We report here the synthesis and characterization of dimethylphosphinoyl-substituted α-aminoarylmethanephosphonates. They have been used as precur-0932-0776 / 05 / 0200-0215 $ 06.00 c 2005 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com sors for the preparation of new α-aminophosphonic acids bearing a second phosphoryl group.
Results and Discussion
We report a simple and efficient method for the
, based on the addition of dialkyl phosphites to azomethines. To our knowledge these compounds have never been synthesized before. The starting arylmethylene-1-dimethylphosphinoylmethaneamines 2a (Ar = C 6 H 5 ), 2b (Ar = 4-Cl-C 6 H 4 ) and 2c (Ar = 4-CH 3 O-C 6 H 4 ) were prepared following the published [6] and slightly modified procedure. Phosphonates 1 were obtained by the addition of dimethyl or diethyl phosphite to the C=N double bond of the Schiff bases 2 in toluene (Method A), according to Scheme 1. The yields of the crude reaction products (TLC: one spot) were high (72 -98%). After recrystallization we obtained the phosphonates 1a -f as low melting crystals or oils. The preparative and analytical data of the compounds 1a -f are given in Table 1 .
In order to make the isolation of the Schiff bases 2 unnecessary and to simplify the procedure we performed one-pot syntheses of the phosphonates 1 via Kabachnik-Fields reaction (Method B), mixing all three components (amine 3, dialkylphosphite and aldehyde) together in toluene and after standing overnight heating them for 8 h at 80 • C. The yields of the crude phosphonates 1c -f (TLC: homogenous) were again high (70 -93%). Structure and purity of the compounds 1 were confirmed by IR, 1 H and 31 P NMR and mass spectral data and elemental analysis (Tables 1, 2  and 3) .
The IR spectra of carbon tetrachloride and chloroform solutions of 1e in the region between 3500 -3200 cm −1 exhibit a 3348 cm −1 peak assigned to ν NH stretching vibration [7] . Its intensity and position is independent of variations of the concentration and phase state, suggesting a participation of the NH group in intramolecular hydrogen bond formation. The solid state IR spectrum of 1e is characterized by an intensive peak at 1261 cm −1 assigned to the ν P=O stretching vibration of the phosphonate fragment, while the second P=O group absorbs at 1167 cm −1 [8, 9] . In chloroform a high frequency shifting of the first band to 1291 cm −1 and an insignificant change of the second one is observed. This may indicate a participation of the dimethylphosphinoyl P=O group in the intramolecular hydrogen bonding and an eventual rotation around the Ar(C)-P=O bond causing the mentioned above high frequency shifting of the 1261 cm −1 band. For the other compounds 1a -f the corresponding ν P=O stretching modes of phosphonate and dimethylphosphinoyl groups appear between 1260 -1270 and 1174 -1156 cm −1 regions, respectively.
In the 1 H NMR spectra of 1a -f ( Table 2) [5, 10] and at δ = 24.98 − 25.31 and 22.11 − 23.01 ppm for methyl and ethyl phosphonates, respectively [10] .
Mass spectrometry provides additional confirmation of the identity of the compounds 1a -f. The FAB-NBA mass spectra show prominent pseudomolecular ions, MH + (Table 3 ). The base peak in all spectra is formed by elimination of dimethyl or diethyl phosphite from the pseudomolecular ion via α-cleavage (Scheme 2), the so-formed iminium ion being stabilized by conjugation with the benzene ring [11] . The same peak appears in the EI-mass spectra, but lower in intensity. Another common peak in the spectra is that of the cations [CH 2 =N-CHAr] + formed by elimination of (CH 3 ) 2 POH (−78 u) from the iminium ions. Prominent ions (especially for EI mass spectra) also arise for the ylidon [(CH 3 ) 2 P(OH)CH 2 ] + · (m/z = 92), formed from M + · via McLafferty rearrangement [6] .
Crystals, suitable for X-ray crystallographic analysis, were obtained for compound 1e by crystallization from cyclohexane, and for compound 2b from ethyl acetate. Details of crystal data and structure refinement of 
where n is the number of data and p is the number of parameters refined.
the Schiff base 2b and the phosphonate 1e are listed in Table 4 . The molecular structures are shown in Fig. 1  and 2 , respectively. Bond distances and angles are normal in both compounds [12] . In particular, in the case of compound 2b, the distance N1-C7 is 1.270(3)Å, which confirms the nature of a C=N bond, whereas this distance N1-C7 in compound 1e is 1.462(3)Å, which indicates a C-N bond. The sum of the bond angles around N1 (333.6 • ) in the product 1e shows the change of the geometry from sp 2 to sp 3 for this nitrogen atom. Some interesting intermolecular hydrogen bonds occur in the solid-state structure for both com- • ].
Experimental Section
Starting materials: The aminomethyl-dimethyl-phosphine oxide 3 [13] and the Schiff base 2 [6] were prepared according to the literature procedures. Dimethyl and diethyl phosphite (purum, Fluka) were purified by distillation prior to use.
Characterization H}) . The electron impact (EI) mass spectra were measured on a Varian MAT 311A at 70 eV using the direct inlet system. Fast atom bombardment (FAB) mass spectra were obtained with a Finningan MAT 8200 mass spectrometer using 3-nitrobenzyl alcohol as matrix.
X-Ray crystallography: Data collection was performed with the aid of an Oxford Diffraction KM4 Sapphire CCD and a 4-circle kappa goniometer at 140 K. Cell refinement and data reduction were carried out with CrysAlis RED, release 1.7.0 [14] . The data set for compound 1e was corrected for absorption using the DELABS algorithm [15] . Structure solutions, structure refinements, molecular graphics and geometrical calculations were performed with the SHELXTL software package [16] . The structures were refined using the full-matrix least-squares method on F 2 with all non-H atoms anisotropically defined. All H atoms were placed in calculated positions using the "riding model" except the hydrogen bonded to N1 in compound 1e which was treated as free and isotropic. Some disorder problems, which have been solved using the split model, occur in the refinement of an ethyl chain in compound 1e. Crystallographic data for both structures are in CIF format and have been deposited with the Cambridge Crystallographic Data Centre, CCDC reference numbers 244361 and 244362 for 1e and 2b, respectively. Copies of the data can be obtained free of charge on application to The Director, CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (Fax: int.code+(1223)336-033; e-mail for inquiry:fileserv@ccdc.cam.ac.uk).
TLC: "Merck" Silicagel 60 F 254 on aluminium sheets, layer thickness 0.2 mm.
Mobile phase: CH 2 Cl 2 : CH 3 OH = 20 : 1.
General procedure for the preparation of phosphonates 1a − f
Method A: The Schiff base of type 2 (2 mmol) was dissolved in toluene (5 ml) and dimethyl or diethyl phosphite (0.28 g or 0.35 g, respectively, 2.5 mmol) was added. The mixture was heated for 8 h at 80 • C and after standing overnight at room temperature the solvent was removed in a vacuum. The residue was dissolved in 10 ml of H 2 O and 2 ml of 2M HCl. The solution was washed with ether (3 × 20 ml) and the aqueous layer was made alkaline with solid Na 2 CO 3 and then extracted with CH 2 Cl 2 (3 × 20 ml). The organic layer was dried and evaporated. The crude product (TLC: one spot) was recrystallized from cyclohexane/ethyl acetate to give the phosphonates 1a -f as low melting crystals or oils (1b, c).
Method B: A mixture of amine 3 (0.23 g, 2.15 mmol), dimethyl or diethylphosphite (0.28 g or 0.35 g, respectively, 2.5 mmol) and the corresponding aldehyde (2.15 mmol) was allowed to stand overnight at room temperature. Then it was heated for 8 h at 80 • C and the mixture was worked up as in Method A.
